Abstract: Response mechanisms of rainbow trout Oncorhynchus mykiss (Walbaum), experimentally infected with a Danish strain of Gyrodactylus salaris Malmberg, 1957 were investigated using molecular tools (qPCR) and immunohistochemistry. Expression of ten immune-relevant genes and reactivity with five different antibodies in the epidermis of skin and fin tissue were analysed in susceptible but responding rainbow trout. Rainbow trout were susceptible with regard to the parasite strain which initially colonised fins but relocated to the body region as infection progressed. The ten investigated genes encoding the cytokines IL-1β, TNF-α, IFN-γ, IL-10 and markers for adaptive immune activity, such as CD-4, CD-8, TCR-α, IgM, IgT and MHC II, were not found significantly regulated during the course of infection although IFN-γ showed a slight up-regulation. Immunohistochemical analyses showed positive reactivity with antibodies against CD3, B-lymphocytes, neutrophilic granulocytes and collectin but not with mAb against IgM. No staining differences between infected and non-infected skin and fin tissue were detected.
The monogenean parasite Gyrodactylus salaris Malmberg, 1957 has caused serious stock decreases of wild Atlantic salmon Salmo salar L. in more than 46 Norwegian rivers (Johnsen 1978 , Johnsen and Jensen 1986 , Heggberget et al. 1993 , Appleby and Mo 1997 . Controlled laboratory experiments have shown that East Atlantic salmon strains such as Norwegian, scottish, Irish and Danish salmon are highly susceptible towards G. salaris, whereas salmon homing in Baltic rivers have an ability to control the infection (Bakke and MacKenzie 1993 , Bakke et al. 2002 , Dalgaard et al. 2003 , Lindenstrøm et al. 2006 , Heinecke et al. 2007 ). The G. salaris form found in Danish rainbow trout Oncorhynchus mykiss (Walbaum) farms is non-pathogenic to both East Atlantic and Baltic salmon strains ). This form does not have the potential to spread to wild Danish salmon (Jørgensen et al. 2008) . In contrast, spreading of the pathogenic parasite form to uninfected countries such as Denmark and the UK is of great concern due to the presence of highly susceptible salmon in these countries. The Danish rainbow trout form of G. salaris has recently been isolated by Jørgensen et al. (2007) and the susceptibility of East Atlantic salmon, Baltic salmon and rainbow trout to infection with the parasite was tested. The study showed that the two salmon strains were resistant and able to control the infection caused by this particular strain of G. salaris. Rainbow trout, in contrast, sustained considerably larger parasite populations compared to East Atlantic and Baltic salmon ). Previously another G. salaris-like strain has been isolated and characterised. However, this strain was both morphologically and genetically different from the strain investigated in the present study A number of studies during the latest decade have elucidated the possible immune mechanisms behind the ability of salmonids to control Gyrodactylus infection (Harris et al. 1998 , Buchmann and Bresciani 1999 , Buchmann and Lindenstrøm 2002 , Lindenstrøm et al. 2006 , Matejusová et al. 2006 , Collins et al. 2007 ). These studies have indicated that a series of immune-relevant factors such as complement activity, leucocyte activity, and increased production of pro-inflammatory cytokines in susceptible salmon are involved in the host response. The present study elucidates the immune response in rainbow trout against the non-pathogenic variant of G. salaris.
MATERIALS AND METHODS
Fish. Naive rainbow trout Oncorhynchus mykiss (Walbaum) hatched and reared under pathogen-free conditions (Danish Centre for Wild salmon, Randers, Jutland), were, at a size of approx. 15 g, transported to the experimental facilities at the University. Water used in the experiments was a mixture of 50% deionised water and 50% municipal water (Frederiksberg, Denmark). Fish were kept in a temperature-controlled room at 12-13 °C. A total of 3 tanks were used (two infected replicates and one control), each with a total volume of 150 l aerated water. Using internal filters (Eheim, germany), the ammonium and nitrite concentrations were kept at below 0.1 mg l −1 and zero, respectively (Merck Aquacant, Merck, germany). Half of the water was changed twice a week. At the start of the experiment fish had a mean body weight of 24.7 g (sD = 2.98) and a mean length of 142.4 mm (sD 9.43).
Challenge infection and monitoring of parasites. Rainbow trout (20 in each tank) were acclimated for 3 weeks prior to infection, which was induced by placing one infected (euthanised) rainbow trout carrying 50 parasites in each tank. The parasite used was Gyrodactylus salaris Malmberg, 1957 (Danish strain) ). The control tank was sham-infected by adding an uninfected rainbow trout. After 24 h the donor fish were removed and the parasite abundance (Bush et al. 1997 ) and the microhabitat distribution (Buchmann and Uldal 1997) on the recipient fish were recorded at day 1, 22 and 33. Tissue sampling for gene expression analysis and immunohistochemistry was performed on the same day but from non-manipulated fish.
Tissue sampling for real-time qPCR. Five fish (one fish at a time) from each group were rapidly netted and killed in an overdose of MS222 (Sigma-Aldrich, Denmark) 500 mg l −1
. The left pelvic fin was immediately removed and placed in RNAlater (Sigma-Aldrich, Denmark). Furthermore, a skin sample (1.5 × 4 cm) was removed from the left side of each fish (below the dorsal fin) and placed in RNA-later. samples in RNA-later were stored at 24 h at 5 °C and subsequently stored at −20 °C until RNA isolation.
Isolation of RNA and synthesis of cDNA. Fins and skin samples were sonicated on ice (Sonicator Ultrasonic Liquid Proseccor XL2020, Heat systems, UsA). Total RNA was isolated using a commercial kit (RTN350, sigma-Aldrich, Denmark) according to the manufacturer's instructions. The quality and quantity of the isolated RNA was measured by spectrophotometry (oD260/280) (BIoRAD smartspec TM , USA). Following adjustment of mRNA concentration and DNAse treatment (DNase I, sigma-Aldrich, Denmark) of all samples, cDNA synthesis was performed using random hexamer primed reverse transcription following the manufacturer's instructions (Applied Biosystems, Denmark). Reaction volumes were 20 μl. Following cDNA synthesis the samples were diluted 1:10 in RNAsefree water and stored at −20 °C.
Real-time PCR. PCR was performed on a real-time PCR machine (MX3000PTM, stratagene, UsA). HPLC-purified primers and TaqMan ® probes conjugated to HEX or CY-5 as well as BHQs were used. Primers and probes are presented in Table 1 . A sYBR green assay was used to conduct melting point analysis of primers as described by Raida and Buchmann (2008) . Ten fold serial dilutions of cDNA were made to ensure primer and probe efficiency within the working range. PCR cycling for all samples were 94 °C for 2 min followed by 40 cycles of 94 °C for 30 s and 60 °C for 1 min. PCR reactions (12.5 μl) containing the following components were conducted: 6.25 μl JumpstartTM Taq ReadyMixTM, 1.5-5 mM MgCl 2 , 0.5 μl probe (0.5 μM), 0.5 μl forward and reverse primer (10 μM), 2.5 μl template, RNAse-free water to final volume. All reagents were purchased from sigma-Aldrich, Denmark. Negative controls were conducted by replacing template with RNAse-free water. Elongation factor EF1-α was used as reference gene/endogenous control.
Immunohistochemistry. Immediately after tissue sampling for real-time PCR at day 33, the right pelvic fin and a skin sample (1.5 × 4 cm) from the right side of the fish was removed and placed in neutral buffered formalin (4%, pH 7.2) for 24 h and finally stored in 70% ethanol until paraffin-embedding according to standard histological methods. De-paraffination was accomplished by heating slides to 70 °C for 12 min followed by xylene submersion and subsequent re-hydration in graded ethanol series (99%, 96% and 70% ethanol). Heat-induced epitope retrieval was accomplished by microwave-oven incubation (2 × 5 min) in 0.01 M citrate buffer, pH 6.0. To avoid non-specific binding, slides were blocked for 10 min with 5% BsA in TBs at RT. Positive control slides were made by sectioning a multi-blocks (rainbow trout spleen, liver, skin, gill, intestine and head kidney in one paraffin section). The organs were collected from rainbow trout 24 h post i.p. injection with 1000 μl Freund's Complete Adjuvant (Sigma-Aldrich, Denmark) to ensure immunological activity. Positive control tissue was removed, fixed, paraffinembedded and treated as described above. Subsequently, the positive control tissue was stained with the same antibodies as test tissue using the same procedure as described below for each antibody respectively.
Polyclonal rabbit antibody (anti CD3).
A commercial kit (EnVision®+ system-HRP (AEC), K4008, DakoCytomation, Denmark) was used for blocking endogenous peroxidase activity, labelling with the secondary antibody, and visualisation. In brief, 0.03% hydrogen peroxide was used to block endogenous peroxidase activity (5 min at RT). Primary antibody, a polyclonal rabbit anti-human T-cell CD3 specific to the cytoplasmic ε-chain of CD3 (A0452, Dako, Denmark) (Bakke-McKellep et al. 2007 ) was applied for 18 h at 4 °C (diluted 1:100) in 5% BsA in TBs. Each slide was incubated with a secondary peroxidase-labelled goat anti-rabbit antibody for 30 min at RT. To visualise peroxidase activity, slides were incubated with 3-amino-9-ethylcarbazole (AEC+) substrate chromogen solution for 20 min at RT. Tissues were counterstained with haematoxylin for 30 s, washed and incubated with NaCHo 3 in 70% ethanol (pH 10) for 2 min and mounted in Aquamount (362262H, BDH, England). For all antibodies used in this study, negative controls were made by substituting primary antibody with 5% BsA in TBs.
Monoclonal mouse antibody (anti-trout IgM). Endogenous peroxidase activity was blocked by peroxidase blocking reagent (S2001, Dako, Denmark) for 5 min. Slides were incubated with primary antibody labelled with HRP (monoclonal mouse anti-trout IgM, Aquatic Diagnostics, stirling, UK) for 1 h and visualised by DAB (sIgMA FAsT TM D4293-50sET, sigmaAldrich, Denmark). Counter staining, mounting and negative controls were conducted as described for CD3 staining above.
Monoclonal mouse antibody (anti-trout collectin). EnVision®+ system-HRP (AEC) (K4004, DakoCytomation, Denmark) was used for blocking endogenous peroxidase activity, labelling with the secondary antibody, and visualisation. Primary antibody, a monoclonal mouse anti-trout collectin, diluted 1:3 in 5% BsA in TBs (Kania et al. 2005) , was applied for 18 h at 4 °C. Each slide was incubated with a secondary peroxidaselabelled goat anti-mouse antibody for 30 min at RT. To visualise peroxidase activity, slides were incubated with AEC+ substrate chromogen solution for 20 min at RT.
Monoclonal mouse antibody (anti-trout neutrophilic granulocyte). EnVision®+ system-HRP (AEC) (K4004, DakoCytomation, Denmark) was used. Primary antibody (E3D9) (Pettersen et al. 2005 ) was diluted 1:1 in 5% BsA in TBs and applied for 18 h at 4 °C.
Monoclonal mouse antibody (anti-trout B-lymphocyte). EnVision®+ system-HRP (AEC) (K4004, DakoCytomation, Denmark) was used. Primary antibody (g2H3) (Pettersen et al. 2005 ) was diluted to 2 μg/ml in 5% BsA in TBs and applied for 18 h at 4 °C. Livak and schmittgen (2001) . Briefly, for each sample, the difference between expression of the housekeeper gene and the target gene (ΔCt) was calculated as the difference in C t values between the two genes. The mean ΔCt values of the uninfected control groups were calculated. ΔΔCt values were calculated as the difference in ΔCt values between each sample and the mean value of the uninfected control group. The fold change for each gene was calculated as 2 −ΔΔCt . A Mann-Whitney U-test was used to test differential expression between groups, with a probability level of 5 %.
RESuLTS

Challenge infection and monitoring of pathogen
Abundance data from the two replicates were not statistically different. Thus, data from the two replicates were pooled and the abundance was calculated and presented in Fig. 1 . At day 1 post challenge the abundance was 5.5. At day 22 and 33 the abundance was 76.4 and 284.3, respectively. Prevalence was 100% throughout the experiment. Parasites infected the host via the fins. At day 1 post challenge 84.5% of all parasites were infecting fin tissue whereas 71% and 72.8% of all parasites were infecting skin tissue at day 22 and 33 post-challenge, respectively (Fig. 1) . Control fish were confirmed parasitefree throughout the study.
Real-time PCR
The constitutive expression of the tested genes in control fish (skin and fins) at day 1 is presented as the basic transcript (Ct values) of control fish fins and skin, respectively (Figs. 2 and 3) . During the course of infection no genes encoding immune parameters were significantly regulated. However, the IFN-γ gene was slightly but non-significantly up-regulated (Mann Whitney U-test, P = 0.17) ( Table 2) . 
Polyclonal rabbit antibody (anti-human T-cell CD3)
Cells in skin and fin tissue from rainbow trout infected with G. salaris showed weak reactivity with a polyclonal antibody raised against the human T-cell CD3ε chain. Reactivity was seen in both infected and non-infected control tissue (in both skin and fins). In the skin, stained cells were predominantly observed among the epithelial cells. In fin tissue, stained cells were also seen in the epidermis; however, the density of reactive cells was higher in skin compared to fin tissue (Fig. 4) . No staining difference between infected and non-infected trout was observed, and no cell staining was seen in negative control tissue.
Monoclonal mouse antibody (anti-trout IgM)
No binding of the primary antibody against IgM was observed in skin and fin tissue of rainbow trout.
Monoclonal mouse antibody (anti-trout collectin)
The monoclonal mouse antibody against trout collectin showed strong staining of rainbow trout mucous cells scattered in the epidermal layer of both skin and fins, indicating the presence of collectins or other polysaccharide epitopes in rainbow trout mucus. No staining difference between infected and non-infected trout was observed, and no cell staining was seen in negative control tissue. 
Monoclonal mouse antibody (anti-trout neutrophilic granulocyte)
Monoclonal antibody against neutrophilic granulocytes stained mucous cells in the epidermis of skin and fin tissue. In skin, staining of a few cells scattered between the epidermal cells was seen. In addition, staining of cell remnants beneath the basal membrane was observed. No staining difference between infected and non-infected trout was observed, and no cell staining was seen in negative control tissue.
Monoclonal mouse antibody (anti-trout B-lymphocyte)
Staining against B-lymphocytes showed reactivity with cells scattered between epidermal cells in both skin and fin tissue. In fin tissue reactivity of cells just beneath the basal membrane was also observed. Reactivity in cells of several tissue layers beneath the epidermis was seen in skin. No staining differences in the skin were found between infected and uninfected rainbow trout. No cell staining was seen in negative control tissue.
DISCuSSION
The parasite burdens recorded at days 22 and 33 p.i. correspond to parasite abundances reported from a previous study where infection of rainbow trout was performed using the same laboratory strain of Gyrodactylus salaris ). Thus, the present results confirm that rainbow trout are susceptible towards infection with the Danish strain of G. salaris. The present challenge infection was only sustained for 33 days and consequently a decline in parasite numbers was not observed. However, the study by Jørgensen et al. (2007) showed that rainbow trout responded and controlled infection with the Danish strain of G. salaris when infection progresses over a longer period (42 days). A clear trend for an initial colonisation of the ventral fins was observed but translocation to the body region was evident at days 22 and 33. This confirms that microhabitat selection of the Danish strain of G. salaris is largely opposite to what is observed during infection with G. salaris from Norway where fins are the preferred attachment sites throughout infection Johnsen 1992, Heinecke et al. 2007 ).
The mechanisms responsible for immune response and susceptibility of salmonids infected with gyrodactylids have not been fully resolved although both cellular and humoral factors have been considered by various authors. Several recent studies have attempted to elucidate the possible mechanisms involved in host response (Buchmann and Lindenstrøm 2002 , Matejusová et al. 2006 , Collins et al. 2007 ). The studies mentioned above treated heavily infected host fishes whereas the present study is based on fish with a lower infection level.
Expression of ten immune-relevant genes in fins and skin was investigated in the present study and no genes were significantly regulated. A possible reason is that the parasite load on the skin and fins recorded in the present study is clearly lower compared to other studies. Thus, the Danish strain of G. salaris, used in the present study, proliferated to a moderate level on the skin and not on the fin tissue which was largely uninfected at 33 days p.i. Therefore, a more pronounced immune reaction would be expected in heavily infected fish studied by Dalgaard et al. (2003 Dalgaard et al. ( , 2004 and Lindenstrøm et al. (2006) . Thus, it should be mentioned that the present study does not clarify if the lack of immune gene regulation reflects parasite species or parasite intensity. The basic response mechanisms responsible for the population decline of the Danish G. salaris strain on rainbow trout ) is at present unknown but our results indicate that a series of other genes should be investigated in the future. Matejusová et al. (2006) found a significant up-regulation of a gene with sequence similarities to myeloid leukaemia differentiation protein (Mcl-1) in the skin of G. salaris-susceptible salmon. Human Mcl-1 is induced by IL-1, which has been suggested to play a role in host defence against Gyrodactylus infections (Buchmann and Bresciani 1999 . demonstrated an up-regulation of IL-1β in susceptible rainbow trout following infection with Gyrodactylus derjavinoides. Furthermore, a hyperactivation of IL-1β was seen in highly susceptible Scottish salmon infected with G. salaris, indicating that high expression of this particular cytokine promotes elevated parasite intensity by an inappropriate inflammatory response resulting in excess mucus production (Lindenstrøm et al. 2006) . A similar role has been suggested for the recently characterised FIP2 gene (Collins et al. 2007 ). The present work showed no regulation of IL-1β in fin and skin tissue, which probably is a result of the low infection intensities. A semi-quantitative study on rainbow trout infected with G. derjavinoides indicated a small upregulation of TNF-α1 in skin 8 days p.i. (Lindenstrøm et al. 2004) . Another pro-inflammatory cytokine, IFN-γ was slightly but non-significantly upregulated in the present study in skin 33 days p.i. The anti-inflammatory cytokine IL-10 was un-regulated in fins and skin at the sampling points. Among other functions, IL-10 is considered to prevent harmful immune reactions by regulating the inflammatory response. However, the function of this cytokine in fish is still less well characterised and its precise role still needs clarification. At least its role in skin responses against G. salaris was not supported in this study.
Markers for antigen presentation and T-cell mediated adaptive immune activity (CD-4, CD-8, TCR-α and MHC II) were all un-regulated in infected rainbow trout, indicating that presentation of Gyrodactylus epitopes and subsequent cellular response by T-cells is absent or under detection level. Our study also showed that adaptive humoral immune responses (IgM and IgT) mediated by antibodies were un-regulated during infection. The un-regulated adaptive parameters observed in our study suggest that (Hatten et al. 2001) . However, our results from the immunohistochemical investigation support real-time PCR results indicating that IgM plays no significant role in rainbow trout control of infection with the Danish strain of G. salaris. The polyclonal antibody, generated against the human T-cell marker CD3, reacted weakly with cells situated between the epidermal cells as observed in a previous study on putative T-cells in the epidermis of Atlantic salmon (Bakke-McKellep et al. 2007 ). However, no differences were seen between infected and non-infected tissue. This supports results from our gene expression analysis, showing that genes encoding markers for T-cell mediated adaptive immune activity (CD-4, CD-8 and TCR-α) were all un-regulated. Thus, our results do not support that presentation of Gyrodactylus epitopes and a subsequent T-cells response is important in control of this particular strain of G. salaris. Immunohistochemical staining with antibody against collectin showed reactivity with mucous cells in the epidermal layer of both skin and fins. This suggests the presence of collectins in rainbow trout mucus but this needs further confirmation. Fish mucus is composed of mucopolysaccharides and it is important to consider the possibility that the antibody will cross-react with polysaccharide epitopes found in fish mucus. Therefore, further epitope analysis should be conducted on the collectin in this context. No differences in antibody reactivity between infected and non-infected tissue was seen. Therefore, it is still uncertain if collectin plays a role in the control of gyrodactylid infections of trout. Antibody against neutrophilic granulocytes reacted with mucous cells in the epidermis of skin and fin tissue. In skin, staining of a few cells scattered between the epidermal cells was seen. Neutrophilic granulocytes are known to be associated with mucosal surfaces in humans and play a key role in production of mucus in asthma. A study on guinea pigs suggested goblet/mucous cell degranulation to be dependent on the presence of neutrophils (Takeyama et al. 1998) . Whether the staining of mucous cells is due to neutrophils associated with mucous cells needs further elucidation. It cannot be excluded that the antibody reacts with a carbohydrate epitope which would lead to crossreaction with mucopolysaccharides in trout mucous cells.
No differences in reactivity of the antibody were observed between infected and non-infected tissue. A weak reaction of monoclonal antibody against B-lymphocytes was seen in cells scattered in the epidermis of both skin and fin tissue. Staining was also observed in deeper layers within and beneath the epidermis of both skin and fin tissue. The possibility of B-cells being present in the epidermis of rainbow trout is worth noting. Epithelial-associated B-cells are known from mammals and at present it is debated if this is a separate subset of B-cells (Jöhrens et al. 2005) . It cannot be ruled out that a corresponding subset of B-cells is present in salmonids. But we saw no difference in antibody reactivity between infected and non-infected fish. Using the same antibody against B-lymphocytes (g2H3) in flow cytometry, a previous study described no increased number of B-cells in blood and head kidney of salmon infected with infectious pancreatic necrosis virus (IPNV) compared to non-infected control fish (Rønneseth et al. 2006) . Our results indicate that B-cell mediated immunity is of little importance in control of the Danish strain of G. salaris, at least at the infection levels observed in the present study. This corresponds to previous work (Harris et al. 1998 , Buchmann 1998 ) demonstrating lack of antibody involvement in trout responding to gyrodactylids.
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